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ABSTRACT 

We report the discovery of a companion to the high proper motion star LHS 1589, a nearby high-velocity, 
low-mass subdwarf. The companion (LHS 1589B) is located 0.224 ±0.004" to the southwest of the primary 
(LHS 1589A), and is 0.5 magnitude fainter than the primary in the K s band. The pair was resolved with the 
IRCAL infrared camera at Lick Observatory, operating with the Laser Guide Star Adaptive Optics system. 
A low-resolution spectrum of the unresolved pair obtained at the MDM observatory shows the source to be 
consistent with a cool subdwarf of spectral subtype sdK7.5. A photometric distance estimate places the metal- 
poor system at a distance d = 81 ± 18 parsecs from the Sun. We also measure a radial velocity V ra d = 67 ± 8km 
s -1 which, together with the proper motion and estimated distance, suggests that the pair is roaming the inner 
Galactic halo on a highly eccentric orbit. With a projected orbital separation s = 18.1 ±4.8 AU, and a crude 
estimate of the system's total mass, we estimate the orbital period of the system to be in the range 75 yr < P < 
500 yr. This suggests that the dynamical mass of the system could be derived astrometrically, after monitoring 
the orbital motion over a decade or so. The LHS 1589AB system could thus provide a much needed constraint 
to the mass-luminosity relationship of metal-poor, low-mass stars. 

Subject headings: binaries: close — techniques: high angular resolution — stars: low-mass, brown dwarfs — 
stars: subdwarfs — stars: Population II — Galaxy: solar neighborhood 



1. INTRODUCTION 

Astrometric binaries, defined as physical pairs whose pro- 
jected orbital motion can be mapped out, are objects of high 
interest in astrophysics because the gravitational masses of the 
components can be directly calculated. Such systems are crit- 
ical in constraining the mass-luminosity relationship (MLR), 
one of the most fundamental relationships in astrophysics 
( Malk ov et al\ Il997t iHenry et a^.l 11999b ISeeransan. P. et al.\ 
I2000t iDelfosse et alWtiod. iMartinache et al.\ \200% The 
MLR allows one to convert the luminosity function (LF), an 
observable quantity, into the mass function or initial mass 
function (IM F) which is fund amental in understanding stellar 
populations dD'Antonalll998l) . The MLR is particularly crit- 
ical to obtain reliable estimates of t he stellar mass function 
and baryonic cont ent of the Galaxy (Chabrier & Meral l 199*71 
Phleps et al. 2000). The MLR further provides constraints to 
stellar evolutionary models dBaraffe et a/.lll998l) . 

Differences have been observed in the luminosity func- 
tions of open and globular clusters which are best ex- 
plained by a depend ence of the MLR on metallicity 
(Ivon Hippel et q/Jl996l) . In low-mass stars, particularly the M 
dwarfs/subdwarfs, the spectral energy distribution, dominated 
by molecular bands of metal oxides and hydrides, is strongly 
affect ed by variations in metallicity (All ard & Hau schildt 
1995). A high metal content yields stronger molecular bands, 
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which shift the energy output from the optical to the infra- 
red, making the star redder. Assuming the bolometric lu- 
minosity to be simply dependent on stellar mass, the MLR 
for metal-poor stars is thus expected to be shifted to brighter 
magnitudes in the optical, and possibly also to fainter mag- 
nitudes in the infrared. Theoretical models combined with 
observational evidence suggest that metallicity effects on the 
ML R are more pronoun ced in the visual bands than in the 
IR (IDelfosse et a l. 2000), at least for M dwarfs of near-solar 
metallicity (-0.5 < log[Fe/H] < 0.0). It has been suggested 
that the MLR can be assumed to be in dependent of metallic- 
ity in the K band (Bonfils et al. 2005), although this remains 
to be demonstrated for low-mass stars over a broad range of 
Fe/H values. It is thus critical to verify the MLR calibration 
for stars over a wider range of metallicities, particularly for 
very metal-poor (log[Fe/H] < -1.0) M subdwarfs. 

There is extensive literature on the topic of low-mass astro- 
metric doubles and the calibration of the MLR for low-mass 
dwarfs of near-solar metallicity (Population I). Early c alibra- 
tions, in the classic paper s by iLiebert & Probst! d!987l) and 
IHenry & McCarthvl (119931) . relied on relatively few systems 
with well determined orbits and masses. Other known double 
stars have since had their orbits monitored with sp eckle inter- 
ferometry dMason et adll999fclWoitas et a/.Jl2000l) or with the 
Fine Guidance Sensor on HST dFranz et q/.ll998tlHenrv et al.\ 
fl99l lTorrer^7^[T99l [Benedict et aZ.ll2000l l2001h . vield- 
ing accurate masses for both components. New close doubles 
have also been resolved a mong nearby disk dwarfs with the 
NICMOS camera on HST dPravdo et a/1l2004l). with adaptiv e 
optics (AO) observations from CFHT dDelfosse et a/.lfl 999b), 
with AO masking interferometry from Palomar dLlovd et al.\ 
120061) . and with Laser G uide Star Adaptive Optics (LGSAO) 
observations from Keck dPravdo et al. 2006). 

In contrast, there exists no calibration of the mass- 
luminosity relationship for the more metal-poor, low-mass 
subdwarfs (Population II). Perhaps the chief reason for this is 
that most metal-poor stars in the vicinity of the Sun are kine- 
matically associated with the Galactic halo population, and 
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FIG. 1. — Multi-epoch chart of the high proper motion star LHS 1589 generated from the Digitized Sky Surveys. The field is 4.25' on the side. Left: first 
Palomar Sky Survey image (POSS-I) circa 1954.0. Right: Second Palomar Sky Survey image (POSS-II) circa 1988.9. The motion of LHS 1589 is quite apparent. 
The box shows the location of the field imaged with the Lick Adaptive Optics system on October 2006. 

are thus relatively scarce. Most studies estimate there is one 
halo star in the Solar Neighborhood for each 200-300 disk 
stars, which means that one expects to find only ^20 halo 
stars within 25 parsecs of the Sun. The MLR for low-mass, 
Pop II subdwarfs has also been lacking because of the dif- 
ficulty in measuring accurate metallicities in low-mass stars, 
althou gh significant progress have recently been m ade on that 
front dBean et al.ll2006tlWoolf & Wallersteinll2006h . 

In any case, the existence of wide binaries among the halo 
population has been demonstrated. Positive identification of 
low- mass subdwarfs in lists of common proper motion dou- 
bles (IChaname & GoukU 12004) suggests that the binary fre- 
quency among old metal-poor stars may be as high as that 
of the local disk population. Recently, a companion was 
resolved only 0.15" from the nearby (~ 100 pc) metal-poor 
sdG2 subdwarf Ross 530 (lLaw et q/.ll2006l) . If they could be 
found, subdwarf doubles with components of lower masses 
(sdK/sdM), and with separations short enough for the orbital 
motion to be astrometrically monitored, would be of great 
value to astronomy. 

We have recently undertaken a massive study of the local 
population of metal-poor, low-mass stars, following the iden- 
tification of thousands of high-velocity subdwarfs in the new 
LSPM -north catalog of sta rs with proper motions /i > 0.15" 
yr" 1 (Lepine & Shara 2005) and in its upcoming southern-sky 
complement, the LSPM-south (Lepine et al. 2007, in prepa- 
ration). Here, we report the discovery of a close companion 
to the high proper motion star LHS 1589, which our spec- 
troscopic observations confirm to be a metal-poor, cool sub- 
dwarf. In §2, we describe our Adaptive Optics observations, 
performed at Lick Observatory with the Laser Guide Star sys- 
tem. Our spectroscopic observations are detailed in §3. We 
discuss in §4 the prospects for using this system to constrain 
the mass-luminosity relationship in the metal-poor, low-mass 
star regime. 

2. ADAPTIVE OPTICS OBSERVATIONS 

From the LSPM-north catalog dLepine & Sharall2005l) . we 
have assembled a list of probable low-mass subdwarfs with 
estimated (photometric) distances d < 100pc from the Sun. 
A first subset of 18 targets were observed on the nights of 



FIG. 2. — Adaptive optics image of LHS 1589, resolving this high proper 
motion star into two distinct sources. The secondary is found 0.224" ± 
0.004" to the southwest of the primary. The image shown here represents 
only the central part of the full IRCAL field, as was constructed from a set of 
five dithered frames. 



2006 September 16-17, with the Shane 3.0-meter telescope at 
Lick Observatory on Mount Hamilton. Adaptive Optics (AO) 
observations were performed under operation of the Laser 
Guide Star (LGS) system. High angular resolution images 
were recorded with the IRCAL infrared camera, a 256x25 6 
pixels Rockwell PICNIC HgCdTe array dLlovd et a/.ll2000h . 
The camera has an effective field of view of approximately 
19.4" x 19.4" in the focal plane. It is however slightly 
anamorphic, with a measured plate scale of 0.0754 " pixel" 1 
in the direction of Right Asc ension, and 0.0780 " pixel" 1 in 
the direction of Declination (lPerrinll2006l) . We operated the 
laser guide star system using the science target as a reference 
tip/tilt star. A total of 5 images were obtained in the K band 
with a 5 point dithering pattern. 

No companions were detected in 17 of the 18 targets. These 
stars yielded radially symmetric images, with the first Airy 
ring clearly visible. We conclude that these stars are either 
single star systems, or that they are multiples unresolved to 
within the diffraction limit of the telescope. 

One of our targets, the high proper motion star LHS 1589 
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(see Figure 1), was however resolved into a pair of close point 
sources. All five images from the dithering pattern showed 
the same pair of resolved point sources, with similar separa- 
tion and orientation. A composite image was built using the 
drizzle algorithm in the IRAF STSDAS package, halving the 
effective pixel scale to 0.0377" x 0.0390". Figure 2 shows the 
central 3.5" x 3.5" part of the composite image. Point spread 
function fitting of the two resolved sources yields an angular 
separation p = 0.224" ± 0.004", with a position angle on the 
sky from component A to B of <j> = 206.3 ±1.3 degrees. 

We can rule out with near certainty the possibility that the 
two stars are a chance alignment. Each component is bright 
enough to be detected in any of the POSS-I or POSS-II im- 
ages, but scans from the Digitized Sky Surveys (DSS) cover- 
ing the piece of sky imaged by IRCAL is clearly devoid of 
any optical source down to the magnitude limit of the pho- 
tographic plates (see Fig.l). Likewise, an image from the 
2MASS data archive shows a single, unresolved source near 
the location of LHS 1589, though the 2MASS data was ac- 
quired in 1999, at a time when LHS 1589 was > 5" away 
from its current location. Any background source located near 
the current location of LHS 1589 would have been clearly re- 
solved in the 2MASS image. Hence, the two point sources are 
most likely co-moving stars. The only alternative would be 
for component B to be a strongly variable or transient source 
that just happened to erupt within a short angular distance of 
LHS 1589 at the time of the AO imaging, a very unlikely 
event. 

Component B currently lies to the South-West of the 
brighter component A. Based on our aperture photometry, the 
secondary is 0.52 magnitudes fainter that the primary in the K, 
band, which we can write down as AK S = (K s )b-(K s )a = 0.52. 
Infra-red 2MASS photometry of the unresolved source yields 
a total magnitude (K s )a+b=H-33 mag. We can derive magni- 
tudes for the individual components using: 

(K S ) A = (K s ) A+B + 2.5log 1 + 10- A *'/ 2 - 5 , (1) 

from which we calculate K,=l 1 .85 mag for component A, and 
,7^=12.36 mag for component B. 

3. SPECTROSCOPIC OBSERVATIONS 

A red optical spectrum of the unresolved binary system was 
collected at the MDM observatory with the 1.3m McGraw- 
Hill telescope on the night of 14 October 2006. We used 
the Mark III spectrograph with the 300 lines/mm grating 
blazed at 8000A. The spectrum was recorded with a LORAL 
2048 x 2048 CCD camera ("Wilbur"), yielding a spectral res- 
olution of 3.1 1A per pixel. Reduction was done with IRAF, 
including standard flat-fielding, sky-subtraction, extraction, 
calibration, and telluric correction. Wavelength calibration 
was determined from a NeArXe arc spectrum collected right 
after the exposure on the star, yielding an estimated calibra- 
tion accuracy of ±0.35A. Flux calibration was determined 
based on observations of the spectrophotometric standard star 
Hiltner 600. 

The reduced, composite spectrum is displayed in Figure 3. 
The relatively weak TiO/CaH band ratio is consistent a cool 
subdwarf of spectral type sdK-sdM. We calculated the three 
spectroscopic indices CaH2, CaH3, and Ti05, which mea- 
sure the depth of the CaH and TiO molecular bandheads near 
7040A dReid. Hawley. & Gizisl fl995h . finding CaH2=0.781, 
CaH3= 0.890, TiO5=0.906. In t he rev ised classification sys- 
tem of iLepine. Rich. &~S hara (2007), these values yield a 
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FIG. 3. — Composite spectrum of the halo subdwarf binary LHS 1589AB. 
The strong CaH molecular band near 7000A flanked by a relatively weak TiO 
bands indicates that the star is a metal-poor, low-mass subdwarf. Based on the 
strength of the CaH band, the spectral subtype of the composite spectrum is 
sdK7.5. Two other stars from our MDM spectroscopic survey are shown for 
comparison: the K7.5 dwarf LSPM J2328+3219, and the esdK7.5 extreme 
subdwarf LSPM J1320+1 129. 

spectral type sdK7.5. The TiO/CaH bandstrength ratio, which 
is the main metallicity diagnostic in cool subdwarfs, is quite 
weak in LHS 1589AB, and the star actually falls just short of 
being classified an extreme subdwarf (esdK7.5). 

A direct comparison with spectra from other cool dwarfs 
and subdwarfs confirms this impression. Figure 3 shows 
MDM spectra of the high proper motion stars LSPM 
J2328+3219 and LSPM J1320+1129, respectively classified 
as K7.5 and esdK7.5, respectively. Each is typical of stars of 
its own metallicity subclass, and both have CaH bandstrengths 
similar to those observed in LHS 1589AB. The TiO bands in 
LHS 1589 are clearly intermediate between the two compari- 
son objects, but are closer to those of the esdK7.5 star, which 
again indicates that LHS 1589AB consists of two subdwarfs 
(sd) close to the extreme subdwarf (esd) metallicity class. 

A radial velocity was calculated from the shift of individual 
lines in the K II doublet and Ca II triplet, whose centroids 
were calculated in IRAF with the SPECRED package. With 
a 1 -pixel resolution of 3.1 1 A and signal-to-noise ratio of 30, 
we estimate that we can measure radial velocities to w %km/s 
. After correction for the Earth's orbital motion, we determine 
a heliocentric radial velocity V m d = +67 ± 8km/s. 

4. DISCUSSION 

The star LHS 1589 was first discovered as a high 
proper motion star in the Lowel l Proper motion survey 
(Gigla s. Burnham. & Thom as 1961), and was initially known 
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TABLE 1 
Summary of data on LHS 1589AB 
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FIG. 4. — Color-magnitude diagram of nearby stars with measured trigono- 
metric parallaxes, from various sources. Spectroscopically confirmed sub- 
dwarfs (sdM) are shown as filled triangles; spectroscopically confirmed ex- 
treme subdwarfs (esdM) are shown as open circles. Component A in LHS 
1589 has an estimated color V-K s =3.5 (vertical line). Based on our spec- 
troscopy (Fig. 3), we assume that LHS 1589 is a subdwarf located close to the 
extreme subdwarfs, from which we estimate an absolute magnitude ~ 
7.3 ± 0.5 (horizontal lines). This in turns suggests a distance = 81 ± 18pc 
for the system. 



as G 79-69. The star was late r included in the Luyten 
Half Second catalog (lLuytenll9 79) under the catalog number 
1589. Olin J. Eggen also included the object is his catalog of 
stars with proper motions /i > 0.7" yr" 1 under the designation 
PM 03436+1 134. Eggen also recognized it to be a metal-poo r 
subdwarf based on its relatively blue R—I color Eggen (1983). 

It is critical that the distance to the pair be properly mea- 
sured so that we can estimate its projected physical separation 
and probable orbital period. This in turn will determine the 
potential for the system to have its orbital motion mapped out 
astrometrically. We have compiled published trigonometric 
parallaxes of spectroscopically confirmed, nearby subdwarfs 
ilMonet et al] 1 19921: Ivan Altena et aZ.lll995l) . Figure 4 shows 
the resulting [Mk,,V - K s ] color-magnitude diagram. Opti- 
cal V magnitudes are from the original parallax tables, while 
infra-red K s ma gnitudes are from the 2MASS All-Sky Point 
Source catalog dCutri et al] 12003). Spectroscopically con- 
firmed subdwarfs (sdK,sdM) and extreme subdwarfs (esdK, 
esdM) are plotted with distinct symbols in Fig. 4 (filled tri- 
angles and open ci rcles, respect ively). The list includes subd- 
warfs classified bv lGizisI d 1997b and iReid & Gizisl d2005l) . as 
well as subdwarfs classified in our own spectroscopic survey 
(Lepine et al. 2007, in preparation). 

As can be seen in Fig.4, the color-magnitude relation- 
ship has a strong dependence on metallicity for stars with 
3 < V - K s < 5, with more metal-poor stars being less lu- 
minous at a given color. The parallax data suggest that 
AM Ks ~ 1.1A(V-K S ) for sdK/sdM subdwarfs. Our own 
measurements give (K s )b - (K s )a = 0.52, from which we esti- 
mate that A(V-K S ) = (V-K s ) B -(V-K s ) A =03l, which yields 
AV = Vb—Va = 0.83. This suggests that component B is about 
2.15 times fainter in the V band than component A. The inte- 



Observable 


value 


Primary R.A. (J2000) a 


03 46 24.53 


Primary Decl. (J200()) ii 


+11 43 12.0 


fjR.A.(" yr~') 


0.783 


/xDecl.(" yr" 1 ) 


-0.178 


V A+B (mag) 


14.93 


1 A+B (mag) 


12.06 


Ha+b (mag) 


11.51 


(Ks)a+b (mag) 


11.33 


(K S ) B -(K S ) A (mag) 


0.52 


composite spectral type 


sdK7.5 


N md (km s _1 ) 


+67±8 


Angular separation (") 


0.224 ±0.004 


position angle (degrees) 


206.3 ±1.3 


Derived quantity 


value 


V A (mag) 


15.35 


(Ks) A (mag) 


11.85 


V s (mag) 


16.18 


(K S ) B (mag) 


12.36 


photometric distance (pc) 


81±18 


UCkms -1 ) 


-155±8 


V(kms _1 ) 


-240±16 


W(kms-') 


+116±9 


m A (Mq) 


^0.25 


m B (M Q ) 


^0.30 


a Positions are given at the 2000.0 epoch and for the J2000 



equinox. 

grated V band magnitude of the syste m is Va+b= 14.93, as mea- 
sured by Harrington & Dahn (1980). We can use Equation 
1 again to calculate the V magnitudes of components A and 
B, substituting V for K s in the equation. We find Va = 15.35 
for the primary, and Vb = 16.18 for the secondary. This in 
turn suggests optical-to-infrared colors (V - K s )a = 3.5 and 
(V-K S ) B = 3.S. 

Figure 4 displays our best guess at the absolute magnitude 
of LHS 1589A. If we assume V—K s « 3.5, and further assume 
the star to be near the limit between sdK-sdM and esdK-esdM 
subdwarfs, then we find that LHS 1589A has an absolute mag- 
nitude Mk, = 7.3 ±0.5. An independent estimate of the ab- 
solute magnitude can be obtained based on the star's spec- 
trum. Relationships between the spect ral subtype and abso- 
lute m agnit ude have been calibra ted by lLepine. Rich. & Sharal 
(2003) and Rei d & Gizisl d2005l) for groups of dwarfs, subd- 
warfs, and extreme subdwarfs. For an sdK7.5 subdwarf, just 
halfway between the subdwarf and extreme subdwarf classes, 
the subtype-luminosity relationships are consistent with an 
absolute magnitude Mk, ~ 6.9, which agrees quite well with 
the color-magnitude estimate given above. 

Based on an absolute magnitude Mk, = 7.3 ± 0.5, we derive 
a photometric distance d = 81 ± 18pc. The only recorded par- 
allax fo£LHSJ_589 2 _j^latiyely crude 2.1 ±7.9 milliarcsec- 
ond dHarrington & D ahn 1980), is consistent with our photo- 
metric distance estimate at the » 1. 3<r level. At a distance of 
81pc, and assuming V n ,d=+67 km s -1 , the system would have 
components of motion (U,V,W) = (-155,-240,+117)km s" 1 
in the local standard of rest. An integration in the Galactic 
potential yields a very eccentric orbit sharply inclined to the 
Galactic plane, consistent with a membership with the inner 
Galactic Halo. 

Is it also possible to estimate the mass of the system, with 
the caveat that existing mass-luminosity and mass-color rela- 
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tionships have all been calibrated using dwarf stars of roughly 
solar metallicity, while the components of LHS 1589 are re- 
ally metal-poor subdwarfs. Both the mass-luminosity rela- 
tionship in the V band and the mass-color (V — K s ) relation- 
ship are significantly depen dent on metallicity (Bonfi kTef al.\ 
l2005t iDelfosse et a/.ll2000h . and thus cannot be used. The 
mass-luminosity relationship in the infrared K band, however, 
does appe ar to be nearly indepe ndent on metallicity. Accord- 
ing to the lDelfosse et al.\ (120001) calibration, LHS 1589A, with 
Mk = 7.3 ±0.5 should have a mass in the range O.2M < 
m A < 0.3M Q . Component B, with M K = 7.8 ±0.5, should 
have a mass in the range O.15M < mj < O.25M . The to- 
tal mass of the system should thus be roughly in the range of 
0.35-Mq < niA+B < 0.55-Mq. 

At first glance, these mass estimates seem suspiciously low. 
This is because mass to spectral-subtype relationships for 
dwarf stars indicate that a st ar of spectral subtype K7.5 should 
have a mass of w 0.6 M dBaraffe & Chabrierfl 19961: iHenrvl 
2004 if one assumes that the mass to spectral-subtype re- 
lationship applies similarly to the subdwarfs, then this would 
suggest a mass w 0.6 M for LHS 1589A, clearly at odds 
with our the O.2-O.3M estimate. However, one should note 
that this mass to spectral-subtype relationship has only been 
calibrated for K and M dwarfs of roughly solar metallicity, 
and has not been verified for sdK/sdM subdwarfs. In fact, 
spectral subtypes are usually a measure of the effective tem- 
perature, and subdwarfs are expected to be both smaller and 
hotter than dwarfs of comparable masses. This suggests that a 
subdwarf of a given subtype is indeed likely to be less massive 
that a dwarf of similar subtype. In fact, if we assume that Mk s 
is dependent only o n the mass of the star and not its metallic- 
ity, as suggested by Delfosse et al. (2000), t hen the su btype- 
luminosity relationsh ips of dLepine. Rich. & S hara 200H) and 
(iReid & Gizisl 120051) indicate that an sdK7.5 star like LHS 
1589A should have roughly the same mass as an M3-M4 
dwarf, which itself has a mass of w 0.3 M , a value consistent 
with our mass estimate. 

It is also possible that the mass-luminosity relationship in 
the Kb and might not be as tight as suggested in Delfos se"ef al.\ 
(2000). It would make sense for subdwarfs to be slightly un- 
derluminous in the K band, to compensate for the fact that 
they are overluminous in the optical, and assuming that stars 



of a given mass all have the same bolometric luminosities. 
In which case, the current mass-M^ relationships, calibrated 
on K-M dwarfs, would indeed underestimate the mass of a 
subdwarf of the same Mk s . The only way to resolve this co- 
nundrum is to obtain dynamical masses for components of 
subdwarf binaries. 

Assuming for now that the total mass of the system is in 
the range 0.35 M < hia+b < O.55M , then with a projected 
orbital separation s = 18.1 ±4.8 AU we estimate an orbital 
period in the range 75 yr < P < 500 yr. At the lower or- 
bital period regime, a fraction of the orbit could be mapped 
within a decade, from which the total dynamical mass of 
the system could be constrained with much greater accuracy 
dSchaefer et a/.ll2006l) . 

5. CONCLUSIONS 

The low-mass subdwarf double LHS 1589AB should be 
considered a high priority target for high angular resolution, 
astrometric monitoring. The system is a good candidate for a 
direct measurement of dynamical masses, and may prove crit- 
ical for calibrating the mass-magnitude relationship in metal- 
poor stars. At the very least, an accurate parallax for the sys- 
tem should be obtained, in order to estimate how much of an 
investment in time would be required to map out the orbital 
motion. Systems with much shorter orbital separations would 
clearly be more useful, however. Our demonstration that as- 
trometric doubles do exist and can be detected among nearby 
subdwarfs, provides renewed impetus in the search for addi- 
tional systems. We are currently expanding our LGS-AO sur- 
vey with the aim of surveying all known low-mass subdwarfs 
within 100 parsecs of the Sun. 
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